The Effect of Cobalt Upon Current Efficiency in the Electrolysis of Zinc Sulphate Solutions by Newton, Joseph & Nuckols, Louis Sanders
Montana Tech Library
Digital Commons @ Montana Tech
Bachelors Theses and Reports, 1928 - 1970 Student Scholarship
6-6-1930
The Effect of Cobalt Upon Current Efficiency in
the Electrolysis of Zinc Sulphate Solutions
Joseph Newton
Louis Sanders Nuckols
Follow this and additional works at: http://digitalcommons.mtech.edu/bach_theses
Part of the Metallurgy Commons
This Bachelors Thesis is brought to you for free and open access by the Student Scholarship at Digital Commons @ Montana Tech. It has been accepted
for inclusion in Bachelors Theses and Reports, 1928 - 1970 by an authorized administrator of Digital Commons @ Montana Tech. For more
information, please contact astclair@mtech.edu.
Recommended Citation
Newton, Joseph and Nuckols, Louis Sanders, "The Effect of Cobalt Upon Current Efficiency in the Electrolysis of Zinc Sulphate
Solutions" (1930). Bachelors Theses and Reports, 1928 - 1970. Paper 9.
"-
THE EFFECT OF COBALT UPON CURRENT EFFICIENCY
IN THE ELECTROLYSIS OF ZINC SULFATE SOLUTIONS.
By
Joseph Newton
of Butte
and
Louis Sanders Nuckols
of Anaconda.
Butte, Montana
June 6, 1930
-THE EFFECT OF COBALT UPON CURRENT EFFICIENCY
IN THE ELECTROLYSIS OF ZINC SULFATE SOLUTIONS.
Inaugural Thesis
submitted
as a partial fulfillment of the requirements
for the degree of
Bachel~r of Science
in
Metallurgical Engineering
from
the
Montana School of Mines.
by 8184
Joseph Newton
of Butte
and
Louis Sanders Nuckols
of Anaconda.
Butte, Montana
June 6, 1930
, I
'0
~
I'
I
,~
........
I
~
~
-S'..._
j
,THE EFFECT OF COBALT UPON CURRENT EFFICIENCY
IN THE ELECTROLYSIS OF ZINC SULFATE SOLUTIONS.
The detrimental effect of the presence of cobalt upon
.. 'c :
v', :
the current efficiency, in the commercial production of zinc
by electrolysis, has been recognized for some time.l) Most
authorities differ upon the maximum amount of cobalt allow-
able. This is due to the fact that the presence of other im-
purities either inoreases or diminishes the detrimental effects
of the cobalt.
The following tests were made with the objeot in view
of ascertaining the relation, if any, between the amount of
oobalt present and the ourrent efficiency during the electrol-
ysis of an otherwise pure zino sulfate solution. The results
-obtained from these observations indicate that there is little
apparent relation between the oobalt concentration of a given
solution of zinc sulfate and the current efficiency that may
be obtained on the electrolysis'of that solution. For certain
cobalt concentrations, however, .Lt was noted that the time
factor played an important part.
l)Ralston--"Electrolytic Deposition and HYdrometallurgy of
Zino"--page 54.
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APPARATUS AND REAGENTS
The electrolysis was conducted in two lead cells, each
811 x 7" and 5" deep. Each of the cells was fitted with a.
motor-driven stirrer to keep the solution agitated, a ther-
mometer to,register the temperature of the electrolyte, and
two electrodes which were connected t-othe electrical circuit.
The temperature of the tanks was kept faIrly uniform by insul-
ating them on the outside with a coat of paraffin, and pla.cing
them in a water bath. The cells each had a capacity of four
liters and were designed for a good circulation of the electro-
lyte.
The anodes were of sheet lead and the cathode starting
sheets were of aluminum. The connections in each case were
brass wire cl.Lpa which were riveted to the electrodes, and,
in weighing the cathodes, these were weighed as a part of the
cathode. The electrodes were three inches by four and one-
half inches, and were immersed to such a depth as to give an
area t~ree inches by three inches beneath the surface of the
electrolyte. Each cell contained one cathode and one anode.
The electrical circuit can be quite readily understood
by a study of the accompanying wiring diagram in Fig. 1. The
two tanks were in parallel, and were oonnected with an instru-
ment board which contained a rheostat for regulating the volt-
age in the circuit, an ammeter for determining the current in
either cell, and a voltmeter for the-voltage drop across the
cells which, of course, was always the same for both. The
current was provided from a sma.llD C generator which was-
driven by an A C motor .. The voltage drop across the cells
was maintained as nearly as possible at three volts, and the
current somewhere about one ampere in each one. This gave a
current density of about ten to fifteen amperes per square
foot. The assembled apparatus is shown by the photographs
in Figures 2 and 3.
The composition of the starting electrolyte was always
the same and did not vary except for the addition of the
cobalt. The amount of zinc removed by the electrolysis was
so small that it was negligible and was not considered as
affecting the composition of the electrolyte. The solution
was approximately that used in practice. C.P. zinc sulfate
was dissolved in distilled water until there was present forty
grams of zinc per-liter. Then sulfuric acid was added to make
a concentration of ten grams per liter. The cobalt was added
from -a standard solution of cobalt sulfate containing a small
amount of sulfuric acid. The concentration of the cobalt is
expressed in milligrams per liter.
Fig. 2
Fig. 2 shows the
cells, stirrers, water-
bath, thermo~eterst and
electrodes.
Fig. 3 shows the cells, instrument board, and
the motor-driven generator.
I
/ Fig. 3.
PROCEDURE
After the apparatus had been set up as described, a
number of runs were made to .determine the current efficiency
that could be obtained with a pure solution. (Hereafter
"pure solution" will mean the solution of zinc sulfate and
sulfuric acid before the addition of cobalt.) The series of
tests to determine the effect of cobalt on the current effic-
iency then followed in exactly the same manner except that
continually increasing amounts of the cobalt salt were added
to the electrolyte.
The conditions were kept as constant as possible. The
concentrations of zinc and acid did not vary enough to affect
the results, and th~ temperature was constant within a few
degrees.' There is reason to believe, however, that temper-
ature has some effect on the current efficiency, but this was
not shown in the accompanying experiments.
Most of the runs were for one hour, and after the run
had been completed, the cathodes were removed, washed with
water and alcohol, and weighed. 'The gain in weight for each
period was found by difference from the previous weighing.
The current was read from time to time during the run and the
average current was calculated. From these data and the time
it was a simple matter to compute the current efficiency.'
The remainder of the work was simply a repetition of
these steps. The cobalt was added pregressively by means of
a small pipette, and the solution in the tanks was kept up
to the proper level by the addition of distilled water.
RESULTS
On the following pages are tabulated the data obtained
from thirty-one runs in cell I and cell II. From these the
curves in"Figs. 4 to8 inclusive are plotted. Fig. 4 is taken
from-tests 5 to 10 inclusive made in cell I and shows the
decrease in current efficiency with time. Fig. 5 represents
an analagous curve except that the concentration of cobalt is
500 mg/li ter instead of 100 mg/li ter, -The curve in Fig. 7
likewise shows the decrease in current efficiency with-time
for a solution containing approximately 100 mg/liter. The
much lower current efficiency in Fig. 7 is'attributed to the
fact that electrolysis had already proceeded some 14 hours;
otherwise it is assumed that the curve would be practically
the same as in Fig. 4.
Figs. 6 and 8 represent t~sts 14 to 27 Qnd 14 to 31
~espectively made in cells I and II. TI1esecurves come the
closest to showing the relation between cobalt concentration
and current efficiency.
Data Obtained from Cell I.
Test Current Eff. (% ) Mg_d!lter Co. E I T---
I ~ 1 91.7 0.0 3 1.0 17
2 93.9 0.1 3 0.82 14
! ·3 97.0 10.0 3 1.0 15
4 91.2 10.0 3 1.0 12.5
5 81.6 100.0 3 1.0 11
6 .84.2 100.0 3 1.0 12
7 87.0 100.0 3 1.0 12.5
8 80.2 100.0 3 1.05 9.5
, 9 74.0 100.0 3.4 0.77 14.5
10 56.1 100.0 3.2 0.87 15 (30 min.)
11 25.9 500.0 3 0.83 15
12 -90.0 500.0 3 0.80 13
13 -189.0 500.0 3 0.80 11.5
14 93.5 0.0 3 1.2 16.5
I 15 88.0 0.5 3 1.1 13
1
16 87.5 1.0 3 0.95 14
17 80.0 1.5 3 1.0 12
18 90.2 2.0 3 1.1 14.5
1
19 92.0 2.5 3 0.95 16
20 89.3 3.0 3 1.1 15
\21 83.8 5.0 3.3 1.0 13.522 86.1 7.5 3.1 0.90 11.5
23 90.0 10.0 3.3 1.0 14
24 85.4 15.0 3.1 1.0 10
25 84.0 30.0 3.2 0.9 10
26 87.0 60.0 3 1.1 9
27 2.1 . 85.0 3.5 0.5 15
28 3.7 85.0 3.2 0.5 13 (30 min.)
29 -11.5 90.0 3.2 0.45 12.5
30 -42.4 110.0 3 0.45 9.5
31 -455.0 110.0 3.3 0.25 15
E ----- Voltage Drop
I ----- Current
T ----- Temperature
Data Obtained from Cell II.
Test Current Eff. (~) ~./liter Co. E I T
F 1 86.0 0.0 3 0.71 17
2 95.0 1.0 3 0.85 14
3 94.5 1.0 3 0.82 14.5
4 93.0 1.0 3 0.9 13
5 87.8 1.0 3 0.9 12
6 92.9 1.0 3 0.92 13
7 95.5 1.0 3 0.85 12
8 92.3 1.0 3 0.85 9.0
9 96.2 1.0 3.4 0.88 15
10
11 87.0 1.0 3 0;89 15
12 91.0 1.0 3 0.9 12.5
13 89.5 1.0 3 0.87 11
14 94.0 0.0 3 1.0 16
15 90.5 1.0 3 1.1 12.2
16 90.5 1.5 3 1.2 14
17 98.2 2.0 3 1.2 12
18 95.3 - 2.5 3 1.0 15
19 89.8 3.0 3 1.15 16
20 77.6 3.5 3 1.1 15
21 77.8 7.5 3.3 1.2 13
22 80.3 10.0 3.1 1.2 14
23 56.0 12.5 3.3 1.2 14
24 55.8 25.0 3.1 1.2 9.5
25 52.5 50.0 3.2 1.25 10
26 52.5 75.0 3 1.1 9
27 9.8 100.0 3.5 0.8 14
28 21.0 100.0 3.2 0.8 12.5 (30 min.)
29 4.5 100.0 3.2 0.87 12.5
30 9.0 120.0 3 0.90 10
31 0.8 120.0 3.3 1.05 15
E ----- Voltage Drop
I ----- Current
T ----- Temperature


CONCLUSIONS
The object of this set of observations was to deter.mine
the effect of the concentration of the cobalt in solution in
the electrolyte upon the current effi6iepcy of the cell, if
such an effect existed. From the data observed, however, it
appears that the concentration of dissolved cobalt has but little
effect upon the current efficiency. It seems quite probable,
hqwever, that the cobalt which becomes deposited upon the cath-
ode causes a lowering of current efficiency through re-solution
of the zinc set up by the galvanic couple Co-Zn.
In support of the statement that the concentration of
the cobalt in solution does not directly affect the current
efficiency, there is the fact that there is little connection
between the two when their values are plotted on curves --
these curves, as in Figs. 6 and 8, ane disjointed and erratic
beyond any experimental error limits. Again, the same solution,
with the same concentration of cobalt, and only slight changes
in the zinc and acid concentration, often shows widely diver-
,gent, but always decreasing, current efficiencies. And finally,
the addition of large amounts of cobalt (500 mg/liter in one
instance) does not s~riously affect the current efficiency the
first hour run, but cuts it down enormously after that.
Following in direct line with the above statements is
the evidence that the actual lowering of the current efficiency
by the cobalt is in the·nature of"poisoning" of the cathode by
deposited cobalt:
1. After electrolysis in a solution containing much
cobalt the cathodes show black spots or "burns" and tend to
develop holes in the zinc deposit. An example of this is
shown in Fig. 9
Fig. 9 (Magnified 6 times.)
2. The fact that there is a pronounced lag between the
adding of cobalt to the solution and the observed lowering of
the current efficiency would seem to indicate that its harmful
action does not begin until some has been deposited on the cath-
ode.
3. The corrosion of the zinc deposit is localized in
the burns, mentioned above, which tends to show that the cause
must be placed at some spot or spots on the cathode, because
if the effect were due to the cobalt in solution, it would
necessarily be uniform over the surface of the cathode.
4. After washing the"burnt" cathode it was possible
to get a qualitative test for cobalt on the blackened spots
by means of a borax bead. The unblackened portions did not
give this test. The specimen of cathode deposit would not
give a bead test directly, but first had to be oxidized by
heating in the oxidizing flame. This precludes the possibility
that the test was from occluded cobalt sulfate and is conducive
to the belief that the cobalt was present in the metallic state.
The preceding deductions drawn from the observed data
would seem to indicate that an investigation of the harmful
effect of cobalt in the electrolysis of zinc sulfate solutions
'should be along some other lines than that of studying the
concentration of cobalt salts in the electrolyte. In view of
this fact, the following steps are suggested to further inves-
tigate the hypothesis that the effect of the cobalt is to
"poison" the cathode by precipitating out upon it.
(1). In determining the current efficiency of a solution
containing a certain quantity of cobalt the runs should not
be over a great length of time, but should be as short as the
.accuracy of weighing the accumulated deposit will permit.
This would give a series of observations which would allow
the plotting of current efficiency against time. If the cobalt
were precipitating out on the cathode, this procedure would
show just how the current efficiency dropped off as the amount
of precipitated cobalt on the cathode became greater.
(2). Since the effect that lowers the current efficiency
appears to be an acceleration of corrosion of the cathode in
the electrolyte, (due to the sulfuric acid in solution) it
would be possible to compare the corrosion rate of "poisoned"
cathodes with that of clean cathodes. The zinc deposits in
each case would be obtained as has been described above; i.e.
the first would be deposited from a solution containing cobalt
in sufficient quantity to give a definite "burning" effect,
and the second would be deposited from a pure zinc sulfate
solution. Then the two cathodes would be suspended in a
solution of the electrolyte for a definite time, and the amount
dissolved determined. TILis would be done in pure zinc sulfate
solutions as well as in solutions containing different amounts
of cobalt. There would not be any current employed, nor would
the cathodes be connected with anodes -- the experiment would be
simply to determine the resistance to corrosion of the two
different sets of cathodes.
(3). It is possible that the toxic effect of cobalt is
not due simply to the presence of cobalt ions in the solution
nor to the existence of deposited cobalt on t e cathode, but
it may be a function of both of these. In order to determine
the order of importance of these two effects, it would be
necessary to electrolyze a pure zinc sulfate solution with
one of the "burned" cathodes, and vice versa, to electrolyze
a solution containing cobalt with a clean cathode', The two
different types of cathodes would be prepared as mentioned
above. In the first case, the electrolysis would be conducted
with a clean catl10dein a solution of pure zinc sulfate, and
the current efficiency calculated. This cathode would then
be replaced by a"poisoned" or "burned" cathode and the result-
ing current efficiency compared with the first. For the
effecting of the second step, the electrolysis would be carried
on with an electrolyte containing a large quantity of cobalt
until the current efficienoy dropped ver,ylow (below zero) and
"the cathode showed the familiar burned spots. TI~enthe cathode
woul.dbe replaced by one which had not been "poisoned" and the
resulting efficiency compared with that obtained in the previous
run. In both of these tests it would be n~cessary to observe
the precaution mentioned in (1), namely to make runs as short
as possible. As a matter of fact, all of the observations
tend to show that there is a definite time factor involved in
the effect of cobalt on current efficiency, and the use of
short runs is only an effort to approximate something which
would prove very valuable in this work--a method for observing
current efficiency continuously.
We wish to acknowledge the help and
guidance of Dr. 'Curtis L. Wilson, Prof.
of Metallurgy at the Montana School of
Mines, under whose direction the work was
performed.
